Subcellular localization of annexin V in human foreskin fibroblasts: nuclear localization depends on growth state  by Barwise, Jennifer L. & Walker, John H.
FEBS 17556 FEBS Letters 394 (1996) 213-216 
Subcellular localization of annexin V in human foreskin fibroblasts" 
nuclear localization depends on growth state 
Jennifer L. Barwise, John H. Walker* 
Department of Biochemistry and Molecular Biology, University of Leeds, Leeds LS2 9JT, UK 
Received 10 July 1996; revised version received 9 August 1996 
Abstract Annexin V is a major intracellular calcium-binding 
protein in human foreskin fibroblasts. Immunocytochemistry 
revealed that annexin V was localized in the nucleus and 
throughout the cytoplasm in human foreskin fibroblasts. The 
presence of annexin V in the nucleus was variable depending on 
the growth state. Nuclear staining was strongest in proliferating 
cells immediately after sub-culture, and decreased on prolonged 
culture without changing the culture medium. The cytoplasmic 
location of annexin V was not greatly affected by the same 
conditions. Refeeding cells with fresh serum restored annexin V 
to the nuclei of all cells within in 24 h indicating that nuclear 
localization of annexin V is dependent on serum factors. 
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I. Introduction 
Elevation of intracellular calcium is one of the most impor- 
tant signal transducing mechanisms available to eukaryotic 
cells [1]. Several major intracellular calcium-binding proteins 
have been identified as potential mediators of the calcium 
signal [2]. In particular, annexins represent evolutionari ly con- 
served calcium-binding proteins present as major constituents 
of the cytoplasm of all cells studied to date with the exception 
of red blood cells [3]. Annexins are a family of at least 13 
major cellular proteins which contain conserved sequences of 
70 amino acids, which are repeated four times in 35 kDa 
annexins and eight times in the 70 kDa annexin VI. These 
core domains are flanked by amino-terminal  domains which 
are not conserved and may confer functional diversity on the 
individual proteins. Annexins have highly conserved calcium- 
binding sites in their core domains that are distinct from the 
'E-F hand'  calcium-binding sites found in many calcium-bind- 
ing proteins including S-100 and calmodul in [4]. 
Annexins have been implicated in a number  of important  
intracellular processes (reviewed in [3]) including signal trans- 
duction, calcium homeostasis [5], membrane trafficking [6,7] 
and the regulation of cytoskeleton-membrane interactions [8]. 
The 3-D structure of annexin V has been solved [9,10] and has 
led to proposals to account for its binding to phosphol ipids 
and ion-channel activity [11]. 
Annexin V is widely distr ibuted in animal tissues [12] and is 
expressed at high levels within cells. In fibroblasts it can rep- 
resent up to 2% of total cellular protein [13]. Furthermore,  
annexin V expression has been shown to vary as a function of 
cellular growth state in human foreskin fibroblasts and in a 
glioma cell line [13,14]. 
In this paper we have used immunocytochemistry o dem- 
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onstrate that the nuclear localization of annexin V in human 
foreskin fibroblasts (HFF)  varies depending on the cellular 
growth state. 
2. Materials and methods 
2.1. Materials 
Rabbit antibodies to human placental annexin V were a gift from 
Dr. F. Seiler and Dr. J. Rrmisch. FITC-labelled goat anti-rabbit IgG 
was from Sigma. Tissue culture solutions were from Gibco BRL. All 
other reagents were obtained from Sigma or BDH chemicals, unless 
otherwise stated. 
2.2. Primary tissue culture 
Human skin samples were collected from Leeds General Infirmary 
or St. James's Hospital. All fat was removed from the sample and the 
tissue was cut into 3 mm strips and incubated in Dispase (2 mg/ml) in 
DMEM at 4°C overnight. The epidermis was subsequently removed 
from the dermis. The dermis was minced finely and incubated in 
collagenase (0.5 mg/ml in PBS (12.6 mM NazHPO4"12H20/1.9 mM 
NaH2PO4"2H20/0.15 M NaCI) at 37°C overnight on an orbital shak- 
er. The collagenase reaction was stopped by dilution with 2 volumes 
of PBS. The fibroblasts were washed in PBS and plated out in 25 cm 3 
flasks containing DMEM supplemented with 10% calf serum, with 
subsequent changes in medium every 3 days. On reaching confluence, 
cells were exposed to trypsin (50 ~tg/ml) for 34  min at 37°C, taken up 
into media and transferred into a new flask. 
For studies on prolonged cell culture, cells were plated either on 22 
mm glass coverslips or in 35 mm dishes (day 0) at a density of 5 x 104 
cells and cultured in DMEM supplemented with 10% calf serum. 
Subsequently cells were allowed to grow without changing the me- 
dium and fixed on days 1, 2, 5, 6 or 7 with 3.7% formaldehyde in
neutral buffered saline (Sigma Catalogue No. HT50-1-128). Alterna- 
tively, cells were grown for 8 days without changing the medium and 
then on day 8 cells were supplied with fresh medium and then fixed on 
day 9. Fixed cells were processed and stained for annexin V as de- 
scribed below. 
2.3. lmmunofluorescence microscopy 
Fibroblasts grown on coverslips were washed twice in PBS at 37°C 
before being fixed. Cells were fixed with 3.7% formaldehyde in neutral 
buffered saline for 5 min at 37°C. Following permeabilization with 
0.5% Triton X-100 for 15 min, cells were reincubated in 3.7% formal- 
dehyde. Subsequently, cells were washed 3 times in PBS and treated 
with NaBH4 (1 mg/ml) 3 x 5 min to reduce autofluorescence. After 
3 washes in PBS, cells were incubated with 5% goat serum for 3 h at 
room temperature to block non-specific sites. Cells were incubated 
overnight with antiserum against human annexin V (1:100) in PBS 
containing 5% goat serum plus 1 mM NAN3, and subsequently incu- 
bated in FITC-labelled affinity-purified second antibody for 3 h. Fol- 
lowing further washes with PBS the cells were mounted with Vecta- 
shield (Vector Laboratories). For controls, cells were also incubated 
with antiserum (5 Ixg) against human annexin V preadsorbed with 
pure human annexin V (20 ~tg). Immunofluorescence was observed 
using a Nikon Optiphot microscope and confocal microscopy was 
performed on the Leica laser scanning microscope. 
2.4. Extraction of HFF protein 
Cells were plated in 35 mm dishes (day 0) at a density of 5 x 104 
cells and cultured in DMEM supplemented with 10% calf serum. Cells 
were allowed to grow without changing the medium and total cellular 
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protein was extracted on days l, 2, 3, 6, 7 and 8. Alternatively, cells 
were grown for 8 days without changing the medium and then on day 
8 cells were supplied with fresh medium and then protein was ex- 
tracted on day 9. Cellular protein was extracted as described in [13]. 
Four dishes of cell extract were pooled for each time point and pro- 
tein concentrations were determined using BCA reagent (Pierce, 
Rockford, IL) according to the manufacturer's instructions. 
2.5. SDS-PAGE and Western blot analysis 
Samples of cell extract (7 ~g) were subjected to SDS-PAGE accord- 
ing to Laemmli et al. [15] using 10% (w/v) resolving els. Proteins were 
transferred from 10% SDS-PAGE gels to nitrocellulose membrane 
according to Towbin et al. [16]. After staining with 0.1% (w/v) Pon- 
ceau S in 1% acetic acid, the nitrocellulose was incubated in TBS- 
Tween (0.15 M NaCI/10 mM Tris/0.1% Tween/HCl pH 7.4) contain- 
ing 5% (w/v) powdered milk for 30 min. Nitrocellulose blots were 
incubated with antisera gainst annexin V diluted 1:1000. After wash- 
ing, blots were incubated for 3 h with 1:1000 dilution horseradish 
peroxidase-conjugated goat anti-rabbit antisera in TBS-Tween/5% 
(w/v) powdered milk. Peroxidase activity was detected using Enhanced 
Chemical Luminescence (Amersham), according to the manufacturer's 
instructions. Densitometry was performed using NIH Image 1.52 to 
compare the levels of annexin V at each time point. 
2.6. Vibratome sections of human skin samples 
Samples of human skin were fixed by immersion in 3.7% formalde- 
hyde in neutral buffered saline (Sigma Catalogue No. HT50-1-128) for 
48 h. Vibratome sections (50 lam thick) were cut and subsequently 
processed for immunocytochemistry as described above. 
3. Results 
Previous studies have shown that annexin V expression var- 
.m 
0 
1_ 
0 
J.L. Barwise, J.H. Walker/FEBS Letters 394 (1996) 213-216 
A 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0.0 
0 
i I i i 
2 4 6 8 
i 
10 
Days 
B 
100 
80 
O3 
40 
e-  
.,~ 20 
I i i i I 
0 2 4 6 8 10 
Days 
Fig. 2. Expression levels of annexin V in human foreskin fibroblasts 
during prolonged cell culture. Human foreskin fibroblasts were sub- 
cultured at 5x104 ce11/35 mm dish (day 0) and allowed to grow 
without changes in medium. Total protein (~tg/lal) was determined 
as described in Section 2 (A). Western blots were carried out on ex- 
tracts containing equal amounts of protein. Intensity of the annexin 
V immunoreactive bands was measured using NIH image 1.52 and 
is expressed as a percentage of the maximum annexin V level (B). 
These results are representative of 2 separate xperiments. 
Fig. 1. Subcellular localization of annexin V in human foreskin fi- 
broblasts with prolonged culture. Human foreskin fibroblasts were 
subcultured at 5 × 104 cells/22 mm coverslip (day 0), and allowed to 
grow for varying lengths of time without changes in media. Cells 
were fixed in formalin at day 1 (a and d) and day 7 (b). At day 8 
the medium was changed and fixation was subsequently carried out 
on day 9 (c). Cells were permeabilized with Triton X-100 and 
stained for annexin V distribution using polyclonal anti-human an- 
nexin V antibody (a, b and c) or with antisera preadsorbed with 
pure annexin V (d) followed by FITC-labelled anti-rabbit. Scale 
bar, 10 btm. 
ies as a function of cellular growth state [13,14]. Using im- 
munocytochemistry,  we investigated whether there was any 
change in the location of annexin V after prolonged cell cul- 
ture. Cells were subcultured at 5 x 104/22 mm coverslip and 
allowed to grow for 8 days without changing the medium. 
Cells were fixed and stained for annexin V as described in 
Section 2 using an antiserum that has been characterized pre- 
viously [18]. 
At day 1, annexin V was found diffusely in the cytoplasm, 
which is characteristic of cytosolic proteins, and in the nucleus 
at an elevated concentrat ion compared to the surrounding 
cytoplasm (Fig. l a). Seven days after subculture, cells had 
reached confluence and there was a loss of annexin V from 
the nuclei and the cytoplasmic staining appeared more struc- 
tured with some co-localization with the Golgi apparatus (Fig. 
lb). Interestingly, after addit ion of fresh medium to cells 
8 days after subculture, nuclear staining for annexin V was 
restored in 24 h (Fig. lc). No staining of cells was seen using 
antiserum preadsorbed with pure annexin V (Fig. ld). 
Variabil ity in the level of annexin V expression was deter- 
mined by immunoblot  analysis. Extracts of total cell protein 
were obtained at the times used in the immunofluorescent 
localization study. Fig. 2A shows that total cell protein in- 
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creased dramatically up to day 4, due to rapid cell growth. 
After day 4 the total protein concentration remained constant 
indicating that the cells had become quiescent. This is in 
agreement with the work of Schlaepfer and co-workers [13] 
who showed that under identical conditions, human foreskin 
fibroblasts proliferated for the first 4 days after subculture and 
reached quiescence at day 6. 
Renewing the medium at day 8 caused a further increase in 
total protein (Fig. 2A). Equal amounts of total cell protein 
extracts from cells at different imes in culture were analyzed 
by immunoblotting. The results showed that annexin V levels 
were highest in quiescent cells and lowest in rapidly dividing 
cells (Fig. 2B, days 1 and 2). An increase of approximately 
1.7-fold of annexin V was seen during this time. Following 
renewal of medium at day 8, there was no statistically signifi- 
cant change in annexin V content although the results suggest 
a decrease in annexin V content. Such a decrease would be in 
agreement with previous studies in which cell proliferation 
correlates with loss of expression of annexin V [13,14]. 
Quantitation of annexin V-positive nuclei reveals that dur- 
ing the period of cell proliferation, more than 95% of cells 
have positively stained nuclei (Fig. 3, days 1 and 2). As cells 
progress into a quiescent state the annexin V staining in the 
nucleus is lost (Fig. 3, days 6 and 7). These results indicate 
that the nuclear localization of annexin V depends on cellular 
growth state. Further evidence for a correlation between nu- 
clear localization and proliferation is provided by refeeding 
quiescent cells (at day 8 post-plating) with DMEM supple- 
mented with 10% FCS, which causes the reappearance of 
nuclear annexin V in greater than 95% of cells (Fig. 3, day 
9). Thus it seems that stimulation of cell growth correlates 
with a high concentration of annexin V in the nucleus. 
Further immunolocalization was carried out to investigate 
the location of annexin V in fibroblasts in the dermis of hu- 
man skin samples. Vertical sections (50 Bm) were cut through 
human skin using a vibratome and stained for annexin V as 
described above. Confocal sections through the dermis 
showed the presence of scarcely distributed fibroblasts. These 
cells were strongly stained for annexin V throughout he cy- 
toplasm but were devoid of nuclear staining (Fig. 4a,b). This 
is particularly interesting since, as discussed above, fibroblasts 
grown in culture all show strong nuclear staining early on in 
culture (Figs. 4c and 1 a) despite being derived from the same 
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Fig. 3. Quantitation of nuclear localization of annexin V in human 
foreskin fibroblasts after prolonged cell culture. Human foreskin fi- 
broblasts were subcultured at 5x 104 ce11/22 mm coverslip (day 0). 
Cells were allowed to grow for varying lengths of time without 
changes in media and counted on days indicated (day 1 7). On day 
8 the medium was changed and cell counting was carried out on 
day 9. Detection of the nuclear localization of annexin V was car- 
ried out by immunocytochemistry as described in the legend to Fig. 
2. Standard eviations were < 1. 
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Fig. 4. Localization of annexin V in vibratome sections of human 
skin dermis. Samples of human skin were fixed in formaldehyde. Vi- 
bratome sections (50 Bm) were permeabilized with Triton X-100 and 
stained for annexin V distribution using polyclonal anti-human an- 
nexin V antibody followed by FITC-labelled anti-rabbit IgG (a and 
b). Controls were incubated with preimmune serum followed by 
FITC-labelled anti-rabbit IgG (d) or with FITC-labelled anti-rabbit 
IgG antibody alone (e). Optical sections obtained by confocal mi- 
croscopy were then used to locate annexin V in the dermis. The lo- 
cation of annexin V in human foreskin fibroblasts in culture after 
isolation from the dermis is shown in c. Scale bar, 20 [am. 
tissue shown in Fig. 4a,b. Fibroblasts are responsible for the 
architectural framework of the dermis, secreting collagen to 
form the extracellular matrix. Within the dermis fibroblasts 
are generally in a quiescent state and only proliferate when 
tissue damage occurs [17]. The absence of annexin V in the 
nucleus of dermal fibroblasts is in agreement with the staining 
patterns observed for fibroblasts in prolonged culture (Fig. 
lb) and further indicates a role for annexin V in the nucleus 
of proliferating cells. 
4. Discussion 
Annexin V is a structurally well characterized calcium-bind- 
ing protein although its biological function remains unclear. 
We have shown that annexin V is present in the cytoplasm 
and has a variable nuclear location. Previous workers also 
demonstrated the presence of annexin V in the nucleus 
[19,20]. In relation to nuclear variability, Koster and co-work- 
ers reported that a nuclear location for annexin V in chick 
embryo fibroblasts was dependent on cell culture conditions 
[19]. Both biochemical and immunocytochemical studies have 
revealed nuclear association of other members of the annexin 
family: annexin II (monomer) has been described as a subunit 
of the primer recognition protein (PRP), a co-factor of DNA 
polymerase-c~, and was shown to have a nuclear location in 
HeLa cells [23] although we only see plasma membrane asso- 
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ciation of annexin II [18]. Also annexin I is found in the 
nucleus of cultured endothelial cells [24]. In addition, we 
find that annexin IV is also present in the nucleus of human 
foreskin fibroblasts [18] but, in contrast to annexin V, it re- 
mains in the nucleus throughout different stages of cellular 
growth (not shown). 
Another member of the annexin family which has a nuclear 
location is annexin XI [21]. Recent studies have shown that 
nuclear targeting of annexin XI in 3Y1 cells requires a se- 
quence located in the N-terminus of the protein [22]. Interest- 
ingly, annexin XI has been reported to have a variable nuclear 
localization [25] with variability depending on the develop- 
mental stage of cells. No nuclear staining is obtained in adult 
rat tissues which are in a quiescent state. In contrast to our 
results with annexin V, when 3Y1 cells are forced into a 
quiescent state, the positive staining for annexin XI in the 
nucleus remains unchanged. 
In conclusion we have shown that nuclear location of an- 
nexin V is variable depending on the cellular growth state: 
proliferating cells show strong nuclear staining which is re- 
duced as cells progress into a quiescent phase. Future work 
will concentrate on identifying which factors regulate expres- 
sion of annexin V in the nucleus. 
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